Microscopic investigations for the observed properties of the recently reported five unstable new isotopes are carried out. The ground state properties are calculated in the relativistic mean field (RMF) framework and the results reproduce the experiment well as expected. The α -decay lifetimes are calculated in the double folding model using WKB approximation which requires the relevant Q values of α -decay and the α -daughter (VαD) potential. The latter is obtained by folding the effective M3Y nucleon nucleon potential with the RMF nucleon density distributions for the daughter nucleus and that of the α particle which is assumed to be of Gaussian shape. the corresponding decay half -lives obtained by using available phenomenological expression are also presented, discussed and compared. It is observed that the use of accurate Q values ( very close to the experimental values) is crucial for the reliable description of the experimental α -decay half-lives in the WKB framework.
I. INTRODUCTION
Recently, five new neutron deficient isotopes with Z ≥ 92 have been observed in multi-nucleon transfer reactions [1] . The decay energies (E α ) and half-lives of the respective α -decay chains of these new isotopes, Bk have been measured. The corresponding Q (also denoted by Q α ) values are trivially extracted using E α . The nuclei appearing in these decay chains have odd nuclear mass number A, except for the nuclei appearing in the α decay chain of 216 92 U. The new isotopes were the products of multi-nucleon transfer reactions in collisions of 48 Ca + 248 Cm carried out at the velocity filter SHIP [2] at GSI. These decay chains are shown in Fig. 1 .
In this brief communication we are mainly concerned with the calculation of α -decay half-lives for the nuclei appearing in α -decay chains of these new isotopes. The calculation requires the relevant Q values of α -decay and in addition the α -daughter potential for the WKB calculations. For completeness, we first calculate the ground state properties of these new isotopes along with the nuclei appearing in their α-decay chains using the relativistic mean field (RMF) framework [3] [4] [5] [6] [7] which is akin to the energy density functional formalism. The calculated total binding energies, radii and sizes, the deformation parameter and Q values of the α -decay chains are briefly discussed. The α -decay half-lives are then calculated in the WKB framework employing V A−D potential obtained using double folding model (tρρ approximation). The results are discussed in detail and are compared with the corresponding experimental values and those obtained by using the recent phenomenological expression.
The details of the calculation are briefly described in Section 2. The results are discussed in Section 3, while the summary and conclusion are reserved for Section 4.
II. DETAILS OF THE CALCULATION
The RMF [3] [4] [5] [6] [7] starts with a Lagrangian describing Dirac spinor nucleons interacting via the meson and the electromagnetic photon fields. In the mean field approximation, along with time reversal invariance, for the static case one ends up with a nonlinear set of coupled equations -the Dirac type equations with potential terms involving the meson and photon fields describing the nucleon dynamics and Klein -Gordon type equations for mesons with sources involving the nucleon current and densities. This set of equations is to be solved self-consistently. The pairing correlations are incorporated either through the conventional Bardeen-Cooper-Schrieffer (BCS) type procedure (constant gap approximation) for the calculation of the occupation probabilities, which gives rise to a set of equations known as the relativistic mean field (RMF) equations or self consistently resulting into a set of well known relativistic Hartree-Bogoliubov (RHB) equations. The pairing field∆ appearing in the RHB equations becomes diagonal in the constant gap approximation and so decouples into a set of diagonal matrices resulting in the BCS type expressions for the occupation probabilities. As a result the RHB equations reduce to the corresponding RMF equations for the occupation probabilities with constant pairing gap ∆ .
Here, we employ the well established basis expansion method for the solution of the RMF/RHB equations. We choose spherical (axially deformed) Harmonic Oscillator [1] , observed in multi-nucleon transfer reactions of 48 Ca + 248 Cm. The squares framed with full lines mark isotopes which were observed in the experiment while dashed frames indicate isotopes which are expected members of the respective decay chain but were not observed. The new isotopes are marked by squares with bold frames. Events marked with a shadow were registered during the beam-off periods. The extracted Qα values and half-lives (T 1/2 ) are given for each observed nucleus.
(HO) basis for the spherical (deformed) nuclei. Accordingly, we expand the nucleon spinors and separately also the meson fields in this basis. The e.m. photon field is treated in the conventional manner. The details are given in Ref. [4] . Explicit calculations require the parameters appearing in the Lagrangian, namely the nucleon and meson masses and their coupling constants together with the additional parameters like the non-linear terms in which the isoscalar -scalar sigma meson is assumed to move. These parameters are determined through a χ 2 fit to the observed ground state properties of a few selected spherical nuclei. This parameter set is then frozen and is used for all the nuclei spread over the entire nuclear chart including super heavy elements (SHE). The parameter set so obtained is not unique and depends upon the detailed ground state properties included in the fit. Several such parameter sets are available in the literature (see, for example, Ref. [8] ). Most of the recently reported parameter sets are mainly used for the calculation of the eveneven (e -e) nuclei. The calculated results for the nuclear ground state properties obtained with these different parameter sets are qualitatively similar (e.g. see [8, 9] ), some differences do appear at a finer level. Specifically, the use of recently reported parameter sets does improve the calculated binding energies and the Q α values significantly. However, the resulting nuclear radii (sizes) and the density distributions remain almost identical.
We employ here the Lagrangian parameter set NL3* [10] (the improved version of the most widely used in the past, the set NL3 [11] ) in our illustrative calculations. For the calculation of partial occupation probabilities arising due to important pairing correlations, we use here the finite range Gogny-D1S interaction [12, 13] which is known to have the right content of pairing, while solving the RHB equations in the spherical H.O. basis. To determine the proton and neutron pairing gaps, we calculate the respective pairing energies in the spherical RMF such that the corresponding pairing energies obtained in the RHB with Gogny-D1S pairing interaction are reproduced. These gaps are then also used in the RMF code for deformed nuclei.
The nuclei under consideration in the present work, have odd mass number A except for the nuclei appearing in the alpha decay chain of 216 92 U. It is to be mentioned that for odd/odd-odd deformed nuclei the time reversal invariance is violated. As a result the time odd terms also appear. The RMF calculations incorporating correctly this violation of time invariance are involved [14] and are beyond the scope of the present work which is mainly geared to the calculations of α -decay half lives of these new isotopes. To overcome this difficulty we use the "tagging" prescription. The level (levels) to be tagged for the last odd (odd-odd) nucleon are guided by the corresponding experimental data or by the results of the deformed RMF calculations for neighbouring nuclei. The "tagging" here means assigning a fixed occupancy to the tagged level(s) through out the iterative RMF calculations. The left over even number of neutrons and even number of protons then preserve the time reversal invariance and the calculation then proceeds in the conventional manner. The details can be found in Refs. [4, 7] . The α-decay half-lives are calculated in the WKB approximation which requires the α -daughter nucleus potential (V αD ) in addition to its Q -value. The former is calculated using the double folding procedure, by folding the effective nucleon nucleon potential (M3Y interaction with an extra delta function pseudo potential to incorporate the exchange effects) [15] [16] [17] [18] [19] [20] [21] with RMF density distributions of the daughter nucleus and that of the α particle. It is known that the calculated α -decay halflives are very sensitive to its Q -value. Even a few hundred keV difference in Q value can change the calculated half-lives by a few orders of magnitude. Therefore, accurate (close to the experimental) Q -values must be used in the calculation of decay half lives.
III. RESULTS AND DISCUSSION
The calculated total nuclear binding energyies (BE) along with the corresponding point rms proton r p radius of the nuclear density distributions, neutron skin (r n −r p ) and the quadrupole deformation parameter β are listed in Table I labeled as NL3*. Recently, extensive Relativistic Continuum Hartree -Bogoliubov (RCHB) calculations using the uccessful relativistic energy density functional PC-PK1 ( [22] ), have been reported and the results are presented in [23] . These spherical calculations properly treat the time odd terms which appear for odd/odd-odd nuclei and use blocking procedure for the relevant tagged state(s) in the calculation. The RCHB euations are solved in the coordinate space (for details see [22, 23] . The relevant results are also presented in the same table labelled ad PC-PK1 for comparison and discussion. Also, the binding energies BE taken from the recent compilation by Wang et al. [24] labeled as AU along with the corresponding values obtained by using the mass formula of Bhagwat [25] denoted by AB are also shown in the same table. It is to be noted that the AU mostly quotes the available experimental values which in fact are almost identical (the maximum deviations are ∼ 0.5 MeV) to the corresponding AB values. The AB masses of nuclei which are yet to be measured can also be obtained.
The inspection of Table I reveals that the calculated values of BE are in good agreement with the experiment as expected. The PC-PK1 values are considerably, in better agreement with the experiment. The average deviation for NL3* (PC-PK1) is ∼ 0.6% (0.1%).
Both NL3* and PC-PK1 calculated point rms proton r p radius of the nuclear density distributions and the neutron skin (r n − r p ) are very close to each other, the differences appear only at second decimal place of fermi. For example the maximum deviation for point rms proton radius (r p is ∼ 0.1 fermi while for neutron skin r n − r p the maximum deviation is ∼ 0.3 fermi.
The The experimental charge radii are available [26] for the following four nuclei in this region and are listed in Table  II . Clearly, both NL3* and PC-KC1 calculation (RMF) reproduces the corresponding experimental values very well. The deviations appear only in third decimal place of fermi. The calculated (NL3*) Q values of α -decay of the new isotopes and their daughter nuclei are listed in Ta [23] and with that obtained by using the mass formula of Bhagwat [25] labeled as AB along with the corresponding available experimental values (Expt.) [1] Fr). Similar deviations, for the PC-PK1 case are relatively larger as compaed to that of NL3*. As we shall see, these differences play a very crucial role in the calculation of the corresponding α -decay half-lives. We end this discussion by restating that the Relativistic Mean Field (Relativistic eenergy density functional) theories provide accurate and reliable description of nuclear ground state properties for nuclei spread over the entire periodic table.
As stated before, the α -decay half-lives are calculated in the WKB approximation. The required α -daughter nucleus potential (V αD ) is calculated by folding the effective nucleon nucleon potential (M3Y interaction + pseudo potential to incorporate the exchange effects) with RMF density distributions of the daughter nucleus and that of the α -particle. It is known (e.g. see [4] ) that the calculated RMF nucleon density distributions give good account of the experiment. The calculated RMF nucleon (both proton and neutron) density distributions obtained by using NL3* Lagrangian parameters are shown in Fig. 2 for 229 Am. Very small oscillations appearing in some of the calculated density distributions at short distances (see Fig.  2 ) smear out during the folding process, resulting into a smooth α -daughter nucleus potential (V αD ). As an illustration the calculated α -229 Am -potential is shown in figure 3 . It is expected that such calculated V αD potentials are reliable and can be used with confidence in the WKB framework for the calculation of α -decay half lives.
Several analytical (phenomenological expressions involving number of adjustable parameters) for the calculation of α -decay half lives, mostly based on the original viola-Seaborg formula ( [29] ) are also available in the literature. For completeness, we have used one of the recent expression reported by Dasgupta -Schubert and Reyes ( [31] ) is given below for α -decay half lives T 1/2 in Seconds: We have calculated the relevant α -decay half lives using this expression (Eq.1), for comparison and discussion.
It is known that the calculated WKB α -decay halflives are very. sensitive to its respective Q -values. Even a few hundred keV difference in Q -value can change cal-culated half-lives by a few orders of magnitude (see Ref. [19] ). The results are displayed in Table IV . The symbols NL3*, PC-PK1, AB and Expt. correspond to the calculated WKB α-decay half-lives using their respective Qvalues (listed in Table III) .
The measured values reported in [1] and listed in Table  IV Table IV for each of these nuclei. The values of the half-lives for the known isotopes which have not been measured in [1] taken from the live chart [28] are also shown with the superscript * . The α -decay half-life for the nucleus 219 Np has not been reported in [1] and also is not available in the live chart. The corresponding α-decay half-lives, calculated using the phenomenological expression (Eq.1) with the experimental (Expt. listed in Table III ) Q-values are also shown in Table IV under the header Pheno, for comparison and discussion.
It is clear from the Table IV that the calculated halflives (RMF, MN, AB and Expt.) using their respective Q -values listed in Table III , differ widely among themselves indicating high sensitivity on the Q -values used, as expected. It is intetresting to note that all the estimated decay half lives ( NL3*, PC-PK1, AB and also Expt. and Pheno (where AB-Q values are used)) obtained by using the corresponding Q values listed in Table  III Table IV .
From the above discussion it may be concluded that the microscopic estimates AB, and Expt. and so also Phrno of the α -decay half-lives using the corresponding experimental (where available) ground state Q values represent a fair estimate of the corresponding experimental (measured and yet to be measured) values.
The experimental (Expt. [ref-1] ) values of half lives listed in Table IV range from seconds to ∼ ×10 −6 seconds, besides having large errors, in view of this observation the agreement with in a factor of 10 with the experiment is acceptable in such studies in this nuclear region. Therefore the agreement obtained here between the calculed and the experimental half lives is remarkable indeed.
It is strongly advocated that the use of the experimental ground state Q -values is essential in the microscopic calculation of the half-lives to obtain good description of the experiment.
Most of the nuclei considered here are unstable and decay through various decay modes like α -emission, fission, electron capture etc.. Usaually, one or two decay modes dominate. A complete microscopic description of complex fission process is still lacking, though some semi microscopic model descriptions do exist (e.g. see [32] [33] [34] [35] [36] [37] [38] ). The detailed calculations are quite involved and are beyond the scope of the present work.
IV. SUMMARY AND CONCLUSION
The ground state properties of the recently reported new isotopes Bk along with the elements appearing in their respective α -decay chains are calculated in the frame work of the relativistic mean field (RMF) theory. The calculated binding energy per nucleon (BE/A), the neutron (proton) point radii r n (r p ) of the RMF density distributions, the neutron skin (r n − r p ), the mass and the charge radii, the quadrupole deformation parameter β and the corresponding Q -values of α -decay, compare well with the corresponding experimental values (where available). The α -decay half-lives are calculated using the WKB approximation which requires the corresponding Q -values and the parent -daughter potential. The latter is obtained in the double folding procedure (tρρ -approximation). Though the calculated RMF and MN Q -values are close to the corresponding experimental values, the small differences between them and the experimental values , play a crucial role and may even change the calculated half-lives by a few orders of magnitude. Therefore, the present RMF and MN Q values are not accurate enough to be used in the WKB calculation of the α -decay half lives.
It is strongly emhasized that the use of the accurate( expterimental or very close to the experimental) Q values is crucial in the microscopic as well as phenomenological, calculations of the α -decay half-lives.
